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1.
INTRODUCTION
A late lactose fermenting organism, associated with in-
fantile diarrhea j was first isolated in 1904 by Duval and Schorer
(6) . It was observed that this organism would produce acid in a
lactose medium after a delay of five to six days. An organism
which characteristically showed this delay in lactose fermenta-
tion was isolated in the same year by Duval (5) from the necrotic
lesions in the colon of a fatal case of dysentery. This inves-
tigator attempted to use the patient's serum to agglutinate the
organism isolated and the known dysentery producing organisms.
It was found that the isolated microbe was agglutinated by the
patient's serum in a dilution of 1:4-00. Likewise, typhoid
bacilli were agglutinated by the same serum in a dilution of
1:200. The Flexner-Harris bacillus was agglutinated only up to
a 1:80 dilution of the patient's serum, while no agglutination
was observed with the Shiga bacillus. Consequently, Duval pro-
posed that this orga.nism was akin to the typhoid "bacillus. Other
investigators (l) reported the finding of similar organisms in
dysentery outbreaks which were so closely related in cultural
and fermentative reactions to pseudodysentery bacilli that
they were accepted as members of this group.
It was not until 1915 that Sonne (16), during an outbreak
of dysentery in Copenhagen, found the causative agent to be a
late lactose fermenting organism. He showed this agent to be
different from the other known dysentery bacilli. After suitable
serologic and cultural studies, he found the new organism to be

different from both Group I and Group II pseudodysentery bacilli
of Kruse (10) and proposed placing it in a new Group III.
D T Herelle (4-) j in France, also described late lactose fermenting
organisms as a distinct group of dysentery producing bacilli.
Thjj^tta (19), investigating dysentery outbreaks in Norway,
confirmed and extended the work of Sonne. He compared the cul-
tural and serological characteristics of the dysentery bacilli
in some detail. It was found that the classification based on
sugar fermentation could not be valid since it was subject to
variation. Thj^tta believed that serological methods were the
most reliable means of classification of the dysentery-producing
organisms. He noted that Kruse' s Group I and II were serologi-
cally so closely related that they could be considered in one
main division as Group II. The Shiga bacillus was proposed as
Group I although a slight cross reaction with Group II was present.
Sonne's Group III failed to show any cross agglutination with
either Groups I or II and was maintained in the same separate
group as previously described.
In studying the cultural characteristics of dysentery
bacilli, ThjjZ^tta observed that Group III organisms, when plated,
produced two distinct colony types. One was a smooth, small,
dense colony, while the other was larger and denser with irregu-
lar edges. The latter colonies showed irregularity in agglutina-
tion, either being inagglutinable or agglutinating spontaneously
in saline. Subsequently, other investigators (9) noted serolo-
gical differences between the colony forms. On further investi-
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gation, Wheeler and Mickle (20) described three morphological
types, Phase I, II and "R", which were antigenically distinct.
Later, Baker, Goebel and Perlman (2) studied the antigenic struc-
ture of these phase variants of Shigella sonnei and found that
Phase I mutated to Phase lis and Ilr. It was noted that these
phase variations arose as spontaneous mutants.
Delayed fermentation of lactose was recognized very early
as a characteristic of Sh. sonnei "^". The mechanism by which
lactose fermentation occurs has stimulated considerable interest.
Glynn and Starkey (7) were the first to note that, after several
days' growth on differential agar, parent colonies of Six, sonnei
developed secondary lactose fermenting colonies or papillae on
their surface. In spite of these observations, they were un-
successful in their attempts to isolate rapid lactose fermenting
variants by streaking these papillae on suitable media. Similar
observations have been made by Rhodes and Reid (14) j ancl Reynolds,
MacClesky and Verkman (13) . However, the latter investigators,
by careful fishing of lactose fermenting papillae into suitable
liquid media, succeeded in obtaining cultures capable of rapid
fermentation of lactose. In 1936 Sears and Schoolnik (15), under
the same conditions, were able to isolate variants capable of
rapid fermentation of lactose. Sears and Schoolnik demonstrated
that these variants are stable and have no other apparent change
in either biochemical or serological properties. They also showed
This name was later adopted for the organism described by Sonne
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that variation in fermentation remained -unaffected during smooth
to rough dissociation. Although the ability of _Sh. sonnei to
ferment lactose, sucrose or raffinose is acouired independently,
these investigators were able to isolate under suitable conditions
strains of rapid fermentation of any or all of these substances.
In this manner it was possible to produce seven different variants.
This work was confirmed by Cook, Knox and Tomlinson (3) in 1951,
who produced a double variant which fermented lactose and sucrose
within twenty-four hours. Furthermore, it was noted that this
variant retained these properties even after several months of
occasional transfer in media free of the specific substrates.
They found it possible to isolate lactose fermenting variants from
cultures of normal organisms which had been streaked on synthetic
agar containing lactose as the only source of carbon. These in-
vestigators had considered these to be spontaneously arising
mutants. Thibault and Rubensten (18) have applied this method
and found that the spontaneous rate of mutation varied far dif-
ferent strains of Sh. sonnei . Of seven strains investigated,
they reported the frequency of Lac + mutants to be one mutant in
from 106 to 108 normal cells.
The ability of Sh. sonnei to ferment lactose is thought
to occur by one or another of two mechanisms. In the first,
involving induced mutation, the specific substrate, lactose, in-
duces the formation of Lac + mutants from normal Sh. sonnei . In
the second, the spontaneous mutation hypothesis, mutation occurs
during cell division and independent of the substrate. In either

case, the favorable environment produced by the presence of
lactose gives the mutant a selective advantage.

The purpose of this investigation is to determine whether
or not Lac + mutants of Shigella sonnei arise spontaneously in
the absence of lactose as an inducing agent, or whether lactose
in some way influences the production of mutants.

7MATERIALS AND METHODS
I. Strain of Shigella sormei employed.
Sh . sonne
i
strain #1545* used for these experiments, was
isolated from a patient at the Boston City Hospital. This strain
was maintained on nutrient agar at 5 C and periodically plated
on nutrient agar in order to preserve the smooth form of the
organism. Additional stock cultures were maintained in the frozen
state
.
Cultures used for experiments were prepared by inoculating
single colonies from nutrient agar plates into 3.0 ml of nutrient
broth. These were incubated for 12 to 16 hours at 37 C.
II. Media.
A. Complete media.
Nutrient broth was employed as a complete medium.
Its composition was 3.0 g of meat extract and 5.0 g of Bacto
peptone in 1.0 liter of water. It was brought to a final pH of
7.2$. According to the requirements of each experiment, this
medium was reenforced with either 0.5 per cent glucose or lactose.
Twenty grams of agar were added when test plates were required.
BCP nutrient broth was made by adding 1.0 per cent of Brom
Cresol Purple, as indicator, to complete nutrient broth (with or
without 0.5 per cent carbohydrate).
p
To differentiate between Lac + and Lac - bacteria Endo
agar, "Difco" was used.
2
Lac + lactose fermenting bacteria
Lac - non-lactose fermenting bacteria
-
B. Minimal medium.
Cook's medium (3) was used as the minimal medium.
The composition of this is as follows: (NH^HPO^ 0.j$, NaCl
0.1$, K2HP0^ 0,1%, Agar 2.0$, Nicotinic Acid 0.5 micrograms per
ml in tap water. The medium was adjusted to a pH of 7.25.
Eosin Methylene Blue Lactose Agar (EMB) was made by adding
0.4 g of Eosin-Y and 0.065 g Methylene Blue per liter of the
minimal medium.
III. Methods.
A. Bacterial counts.
For estimating numbers of organisms in a culture,
the counting technique approved by the American Public Health
Association (17) for water analysis was employed. This was
accomplished by making ten-fold serial dilutions of cultures using
sterile distilled water as the diluent. One ml of the appropriate
dilution was pipetted into plates. Approximately 30 ml of nu-
trient agar were added to each of these plates which were then
incubated at 37 C for 4-8 hours. Colony counts were made using a
Quebec Colony Chamber.
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EXPERIMENTAL RESULTS
Mutants which ferment lactose rapidly have been isolated
from cultures of Sh. sonnei in which fermentation of lactose was
delayed. In the discussion to follow, the term rapid fermentation
is used to indicate the appearance of an acid reaction in the
medium in less than ^8 hours 1 incubation. The term delayed
fermentation denotes the appearance of an acid reaction in the
medium only after a period of time greater than J±8 hours.
Time of occurrence of lactose fermentation . In order to
study this delay in lactose fermentation, the following experiment
was carried out. A fresh culture of normal organisms in nutrient
broth was agitated vigorously to break up clumps. 0.05 ml of
this culture was pipetted into each of 80 tubes (16 x 125 mm in
size) containing 5.0 ml of BCP lactose broth. The cultures were
incubated at 37 C and observed daily during a period of 30 days.
The time of incubation that was required for each culture to show
an indicator change was recorded. These results are shown in
Figure 1. Acidification of the broth, representing lactose fer-
mentation, was first observed on the fifth day and thereafter
increasing numbers of cultures showed acid formation. This in-
crease continued through the fifteenth day of incubation. There
was then a decrease in the number of cultures turning acid until
the nineteenth day of incubation. At this time, several cultures
failed to show a change in color of the indicator and remained
unchanged for the duration of the experiment
.
f
This experiment was repeated several times and each time the
results were similar to those shown in Figure 1. Results of in-
dividual experiments were grouped and presented in Figure 2. The
days of fermentation of lactose "by the 320 cultures seemed to be
distributed normally over a range from the second day to the
twenty-fourth day with the mode and mean occurring on the fif-
teenth day. Two of the 320 cultures turned acid within 48 hours
(see Figure 2). This, by definition, was accepted as rapid
lactose fermentation. Each of these occurred in separate experi-
ments. A total of 8 x 10^ organisms were used to inoculate the
320 cultures of which only two showed rapid fermentation.
Lactose fermenting (Lac +) mutants were isolated from some
of the of the cultures which had fermented lactose. Samples from
cultures which had fermented lactose within the first ten days of
incubation were streaked on plates of Endo agar. After incubation
for 24 hours, both Lac + and Lac - colonies appeared (both types
occurred as either Phase I or II variants) . The Lac + colonies
consistuted at least one-third of the growth. Lactose broth,
inoculated with organisms from Lac + colonies fermented within
12 to 18 hours, whereas lactose fermentation was delayed when
this medium was inoculated with Lac - organisms from the same
plates
.
In order to be certain that the presumed Lac + mutants are
Sh . sonnei . suitable tests were made. It was found that these
cultures contained non-motile, non-gas producing, Gram-negative
bacilli which fermented glucose but not sucrose or xylose but
which agglutinated with Sh. sonnei typing serum.
i
These lactose fermenting organisms were established as
stable Lac + mutants of Sh. sonnei by showing that these organisms
retained their ability to ferment lactose even after numerous
daily subcultures in a medium free of lactose. This is illus-
trated by the following typical experiment. Fifteen Lac + colo-
nies were fished into tubes containing 15.0 ml of glucose broth.
Daily subcultures into fresh glucose broth were made for 30 days.
The inoculum for each of these daily subcultures was 0.05 ml from
the preceding day's culture. On the thirtieth day, subcultures
were made into lactose broth. All fifteen cultures gave evidence
of lactose fermentation within 18 hours.
Isolation of Lac + mutants . The isolation of these mutants
could be accomplished invariably from broth cultures showing evi-
dence of lactose fermentation within ten days from the date of
inoculation. Lac + mutants could be isolated from only part of
the cultures in which lactose fermentation was delayed longer than,
ten days. In this experiment no Lac + mutants could be isolated
from cultures in which lactose fermentation was delayed longer
than 17 days. Results of a typical experiment are presented in
Figure 3. These results were confirmed in two additional series
of 80 lactose broth cultures which were inoculated with normal
Sh . sonnei . As each culture became acid a sample loopful was
streaked onto Endo agar. Colonies which appeared within twenty-
four hours as lactose fermenting colonies were fished to 5.0 ml
of lactose broth and observed for rapid lactose fermentation.
The occasional failure to isolate Lac + mutants from cul-
tures which have turned acid stimulated further investigation.
[I
c
One possibility was that the acidity produced, in the cultures was
not due to lactose fermentation but to action on other components
in the medium. An experiment to test this hypothesis was con-
ducted. A series of tubes containing BCP broth without lactose
was inoculated with normal Sh,. sonnei . After thirty days of
incubation, no acidification of broth had occurred. Since this
observation was made in medium free of lactose, it was concluded
that lactose fermentation was in some way responsible for the
acidity of the culture. The question arose as to whether or
not lactose fermentation depended upon Lac + mutants which were
present in numbers insufficient to be detected by the ordinary
method used. This possibility is under study.
Behavior of mixtures of Lac + and Lac - cultures . Lac +
mutants arise from normal Lac - Sh. sonnei and such mutants must
grow in the presence of large numbers of normal forms in order
that their presence be evident. Therefore, it was thought
necessary to examine the effect that a large population of normal
cells would have on a limited number of Lac + mutants in a com-
plete medium containing lactose. In such a favorable environment
it would be expected that a few Lac + mutants would have a selec-
tive advantage and that the normal population would be overgrown
by Lac + cells. In fact, this is what occurred in the following
experiment. An extensive "checkerboard" experiment was set up
in which variable quantities of Lac + mutants were mixed with
variable quantities of Lac - Sh . sonnei . Preliminary experiments

showed that 20 ml of nutrient broth inoculated with 1 ml of
either Lac + or Lac - cultures incubated for 24 hours at 37 C and
incubated for four hours at 37 C would contain about 10 viable
bacilli. In the present experiment, ten-fold serial dilutions of
aliquots from such cultures were made in distilled water. Tubes
containing 8.0 ml of BCP lactose broth were arranged as described
in Table I. Following along the horizontal rows, each broth was
inoculated with 1.0 ml of a Lac + culture in the appropriate dilu-
tion. Following down the columns, each broth was inoculated with
1.0 ml of the appropriate dilution of Lac - culture as indicated
in the table. Consequently, each lactose broth culture contained
a certain mixture of Lac + sad Lac - organisms. These broth cul-
tures were incubated and periodically observed for lactose fer-
mentation.
The results of this experiment are shown in Table I. It
will be noted that all cultures which were seeded with at least
ten Lac + mutants showed lactose fermentation regardless of the
numbers of Lac - organisms present. Also, nearly all of these
cultures fermented lactose within 17 hours of incubation. Where
the ratio was as large as one Lac + organism in 10° Lac - organisms,
lactose fermentation occurred between 17 and 4-0 hours. Neverthe-
less, fermentation of lactose within 40 hours would not be con-
sidered delayed fermentation as defined on page 9, and when com-
pared with the results shown in Figures 1 and 2. Thus, it is
apparent that even a few Lac + mutants present in a large popula-

tion of Lac - organisms can utilize the lactose present and outgrow
the normal organisms. Consequently, it is probable that the delay
with which fermentation usually occurs when the normal culture of
Sh. sonne
i
is seeded into lactose broth, is not due to any action
of Lac - organisms on Lac + mutants, but is due to the absence
of Lac + mutants in the inoculum. It may be assumed from these
results that the two cultures which fermented lactose within 4.8
hours (see Figure 2) are due to Lac + mutants which were present
in the original inoculum. Therefore, it is probable that Lac +
Sh . sonne arise independently of the lactose, and at a very low
rate; about two Lac + mutants in 8 x 10^ organisms.
The use of a synthetic medium for the detection of Lac +
mutants . The common method for the screening of a few Lac +
mutajits present in a large normal population utilizes synthetic
agar (ll) . The lactose added to this medium is the sole source
of carbon to be used for growth. Consequently, the Lac + mutants,
able to utilize lactose, are capable of growth. On the other
hand, the Lac - microbes, unable to utilize lactose, are inhibited
in growth. This method has also been used by Cook et al. (3) and
Thibault and Rubensten (IS) . The following experiment was car-
ried out to provide additional information regarding the presence
or absence of Lac + mutants in normal cultures.
120 ml of freshly prepared nutrient broth were inoculated
with 0.2 ml of a young normal culture. At the same time, 0.1 ml
of a freshly grown Lac + culture was used to inoculate 20 ml of
nutrient broth. Both cultures were incubated for 24 hours at

37 C. They were then washed three times in sterile distilled
water in order to free the cells from medium, after which they
were re suspended in distilled water. 92 plates containing EMB
agar were each inoculated with 0.2 ml of the washed suspension of
normal organisms (2 x 10^) and treated as follows: 48 were in-
cubated without addition of Lac + mutants; 4 plates were inocu-
lated with 0.1 ml of a 10 dilution of the washed Lac + organisms
20 plates were inoculated with 0.1 ml of a 10"^ dilution; 20
-9
plates were inoculated with 0.1 ml of a 10 dilution. Sterile
L-shaped glass rods were used to spread the inoculum over the
surface of the agar. Additional plates were inoculated with
only Lac + mutants. All plates were incubated at 37 C and exa-
mined daily. Lac + colonies arose within l<& hours. These were
smooth, round, glistening colonies which measured 1 to 2 mm in
diameter and were purple in color. With increasing age they be-
came larger and developed pink centers. On the other hand, the
normal _Sh. sonnei culture after 4& hours of incubation appeared
as a fine film of growth in which the colonies were undetectable
to the unaided eye.
The data presented in Table II show that Lac + colonies
appeared on the second day on plates which had been seeded only
with Lac + mutants. Similarly, Lac + colonies in the mixed
cultures appeared within 48 hours but only a small fraction of
the total number of Lac + mutants that had been seeded grew
sufficiently to produce detectable colonies. With increasing

time, an additional number of Lac + colonies appeared. On media
streaked only with normal organisms Lac + colonies began to
appear after three days of incubation. At the time that these
colonies appeared, it could not be clearly determined whether
they represented Lac + mutants present in the original culture
or whether they arose from the Lac - organisms in the inoculum.
If the previously used criterion, that is, growth within Ifi hours,
is applied to the data presented in Table II, it can be seen that
about 12 per cent of the added Lac + mutants could be detected.
Thus, this method is not sensitive enough to demonstrate the
presence of only a very few mutants. In this experiment 9.6 x 10^
organisms from a normal culture were examined for the presence
of pre-existing Lac + mutants but none were found. It might be
assumed, however, that even with the low sensitivity of the
q
method there was less than one mutant in 10 Lac - organisms.
The following experiment was conducted in order to determine
whether the detection of only a small proportion (about 12%) of
the Lac + mutants in a mixture is due either to inhibition of Lac +
organisms by large numbers of Lac - bacilli or to the inability
of the medium to support growth of all Lac + cells. Pour plates
were made on both nutrient agar and EMB agar. It was found that
a 10"^ dilution of the suspension of Lac + mutants gave a count
of 93 colonies on nutrient agar, whereas on EMB agar 56 colonies
developed. However, in the experiment outlined above and presented
in Table II only about 12 per cent of the Lac + bacilli present

in the mixture with Lac - organisms grew. Therefore, the poor
recovery of Lac + organisms must be in part due to competition
with Lac - bacilli.

DISCUSSION
The delay in the fermentation of lactose by _Sh. sonnei
was found to be associated with the development of mutants. These
mutants were found to be quite stable and capable of rapid lac-
tose fermentation. Similar observations were made by Cook, Knox
and Tomlinson (3) ; Rubensten and Thibault (18) . However,
these investigators found that the detection of Lac + mutants
from fermented cultures was very irregular. In some of their
experiments considerable acid production occurred, yet no Lac +
mutants could be detected, though in other experiments a few
mutants could be isolated by plating. It was our observation
that Lac + mutants could always be isolated from cultures which
had fermented within from ten to fifteen days but could be iso-
lated less frequently from cultures that had turned acid after
fifteen days of incubation. It is believed that fermentation of
lactose is in some way concerned with the acidification of cul-
tures from which it was not possible to isolate Lac + mutants.
This is indicated by the fact that the same medium, containing
no lactose, showed no acidification after thirty days of incuba-
tion. At present, further studies are being carried out in an
effort to determine whether or not the lactose fermentation is
dependent on a few Lac + mutants which are not detectable by the
ordinary methods.
The mechanism by which delayed lactose fermentation occurs
has been studied by two different schools. The first school (12)
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considers mutation to be concerned and postulates that the Lac +
mutants develop independently of the substrate, lactose. The
other school (8) supports the view that the acquisition of the
ability to ferment lactose is not due to the occurrence of mutants
but rather that the presence of the substrate stimulates all of
the cells to produce the necessary enzyme or enzymes. Our data
presented in Figure 2 indicate that Lac + mutants can arise from
normal cultures of Sh.. sonnei which have been grown in a medium
free of lactose. This appeared to be so when it was noted that
of 320 lactose broth cultures that had been inoculated with a
normal culture, two turned acid within J+8 hours. By definition,
this time taken for acidification represents rapid fermentation
of lactose. When mixtures of Lac + and Lac - bacteria were
seeded into lactose broth, it was found that a few Lac + mutants
had the capacity to multiply rapidly, utilizing lactose and turn-
ing the indicator acid within 4-0 hours. Because it has been
shown that as few as one to ten Lac + mutants in mixture with 10^
normal organisms can grow within this time, it seems probable
that mutants were present in the original inocula of the two cul-
tures fermenting within J^B hours.
When a large number of normal organisms was screened for
mutants by using lactose synthetic agar plates Lac + mutajits
present in the inoculum were not detected. Therefore, the sensi-
tivity of this method for the detection of Lac + mutants was inves-
tigated and as shown in Table II only 12 per cent of a fixed number
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of Lac + mutants seeded arose as Lac + colonies within J^S hours.
This poor recovery was found to be due both to the inability of
the synthetic agar to support growth of all Lac + mutants seeded
and to some inhibition of the Lac + by Lac - bacteria. Thus,
this method is not sensitive enough to demonstrate the presence
of only a very few Lac + mutants.
Other investigators have reported that Lac + mutants of Sh .
sonne
i
occur independently of the substrate. Cook ejb al. (3)
reported that spontaneous mutation occurred at a rate of one mutant
in 10^ Lac - cells. They observed that when a culture containing
d
2 x 10 normal organisms per ml was streaked on synthetic agar
plates 2000 mutants per ml were detected after incubating these
plates for five days. These investigators have indicated that the
failure completely to inhibit growth of Lac - bacteria on minimal
medium contributes to making this value only a rough estimate
of the rate of spontaneous mutation. Our results, as shown in
Table II, serve to emphasize this fact and also to give evidence
of a much lower mutation rate than was proposed. As was pre-
viously discussed, a few Lac + mutants seeded with a large normal
population will develop into recognizable colonies by the second
day of incubation. Similar observations were made by Thibault
and Rubensten (IS) . These data suggest that only those colonies
developing within two days can be considered as mutants present
in the original inoculum. Thibault and Rubensten (18) reported
that the mutation rates of seven strains investigated were dif-
ferent from each other. These were found to be between one mutant
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in 10° and less than one mutant in 3 x 10 Lac - cells. However,
it is evident from our results recorded in Table II that these
rates are only a rough estimate of the frequency with which
mutants develop in a normal culture because of failure of the
medium to support growth of all mutants.
Consequently, it is our opinion that the time taken for a
lactose broth culture to ferment is not only a more sensitive
method for the detection of a few Lac + mutants in a normal cul-
ture but a method which can be easily applied for this purpose.
In view of the data presented in this report, it is not probable
that the synthetic agar method can be used to determine accurately
the rate of mutation in Sh. sonnei . Despite the ability to dis-
tinguish Lac + mutants from Lac - bacteria on lactose synthetic
agar, the low sensitivity of the method makes it impractical for
the detection of a few Lac + mutants.
#
SUMMARY
Lactose fermentation by Shigella sonnei is found to be
associate with stable, lactose fermenting mutants. These can be
isolated from all lactose broth cultures that have fermented within
the first ten days of incubation. However, these mutants are
less frequently isolated from cultures fermenting after this
period, and have not been detected in cultures becoming acid
after 17 days of incubation.
It was observed that when very few Lac + mutants together
with a large number of Lac - organisms were seeded into lactose
broth, fermentation occurred within 4-0 hours. From this it was
assumed that lactose broth cultures, inoculated with normal orga-
nisms, fermented in such a short period of time that they must
have contained Lac + mutants in their inoculum. These data sug-
gest that the presence of spontaneous mutajits in a normal popu-
lation of _Sh. sonnei
.
Despite the ability to distinguish between Lac + and Lac -
bacteria on synthetic agar, it was found that this method was
insufficiently sensitive to detect very small number of Lac +
mutants in mixture with very large numbers of Lac - mutants.
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TABLE I
OCCURRENCE OF FERMENTATION IN MIXTURES OF
LACT.+ a LACT- SHIGELLA SONNEI
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1.
The bacterial organism which eventually came to be
known as Shigella sonnei was first found as a causative agent of
infantile diarrhea by Duval and Schorer, (Bact. and Clin. Studies
from the Rockefeller Institute for Medical Research, 1904) • Simi-
larly, other investigators reported the finding of an organism
in dysentery outbrea-ks which closely resembled the organism des-
cribed by Duval and Schorer. However, it was Sonne who described
and identified this bacillus as a distinct and independent organism
of the pseudodysentery bacilli group. Consequently, this investi-
gator classified this organism as Group III in Kinase's pseudo-
dysentery classification. Thj^tta (J. Bact., £j 355-377, 1919),
investigating dysentery outbreaks, confirmed and extended the
work of Sonne, by comparing the cultural and serological charac-
teristics of the dysentery bacilli in some detail. It was this
investigator who gave emphasis to the delay and variable fermenta-
tion of lactose by this organism. Reynolds, MacClesky and Werkman
(J. Infect. Dis., J5j>: 207-219, 1934) and Sears and Schoolnik
(J. Bact., 31; 309-312, 1936) were able to isolate lactose fer-
menting (Lac +) variants and the latter demonstrated that these
variants were stable. Both Cook, Knox and Tomlinson (Brit. J.
Exper. Path., J32: 203-211, 1951) and Thibault and Rubensten (Ann.
Inst. Pasteur, 82: 106-108, 1952) were able to isolate mutants
from cultures of normal organisms which had been streaked on syn-
thetic agar containing lactose as the only source of carbon. These
investigators had considered these to be spontaneous arising
mutants.

The purpose of this investigation is to determine
whether or not Lac + mutants of Sh . sonnei arise spontaneously in
the absence of lactose as an inducing agent, or whether lactose in
some way influences the production of mutants.
In order to study the delay in lactose fermentation, 80
tubes containing Brom- ere sol-purple (BCP) lactose broth were each
inoculated with a young culture of normal Sh. sonnei which had
been grown in the absence of lactose. These were incubated at 37 C
and observed for a period of 30 days, and the time taken for each
culture to ferment lactose recorded. The first cultures to be-
come acid were observed on the fifth day, and the number continued
to increase through the fifteenth day. There was then a decrease
in the number of cultures turning acid until the nineteenth day of
incubation. At this time several cultures failed to ferment and
remained unchanged to the end of the experiment.
Several such experiments were conducted and each time
the results were similar to those described above. The data from
these individual experiments were grouped for presentation. Thus,
a total of 8 x 10^ normal organisms were used to inoculate 320 lac-
tose broth cultures, when graphed, the time of appearance of
acidity in these cultures seemed to be distributed normally over
a range from the second to the twenty-fourth day with the mode and
mean occurring on the fifteenth day. Two of these cultures turned
acid within J-B hours, an occurrence which, as defined in this
paper, is rapid lactose fermentation.
From cultures which had turned acid within the first ten
days of incubation, it was always possible to isolate Lac + mutants

by streaking onto Enclo agar plates. Mutants could only be isolated
from some of the cultures fermenting after ten days and never could
be isolated from cultures turning acid after seventeen days of in-
cubation. Lac + mutants represented at least one-third of the or-
ganisms present in cultures showing lactose fermentation within ten
days. Organisms from Lac + colonies inoculated in lactose broth
fermented lactose within 12 to 18 hours. "While, organisms from
the Lac - colonies showed a delay in lactose fermentation.
Once obtained in pure culture these Lac + microorganisms
were established as stable mutants. This was accomplished by showing
that these organisms retained their ability to ferment lactose even
after thirt^r daily subcultures in a medium containing glucose.
The occasional failure to isolate Lac + mutants from cul-
tures having turned acid led to several experiments. However, no
explanation for failure to isolate Lac + mutants from acidified cul-
tures was obtained because it was always found that lactose fermen-
tation was required in order to bring about acidification of the
culture
.
It was thought possible that a few Lac + mutants arising
in a "normal" culture of Sh. sonnei might be inhibited or delayed
in growth by Lac - organisms. Consequently, the appearance of acid
in a lactose broth culture would be delayed for several days. There-
fore, an experiment was conducted to determine the ability of one
to a few Lac + mutants to grow and ferment in the presence of large
numbers of Lac - organisms. A few mutants were mixed with large

numbers of normal organisms and seeded into BCP lactose broth. It
was found that one to ten Lac + mutants in mixture with as many as
10 normal organisms would produce acid in forty hours. This gives
evidence that the delay with which fermentation unusually occurs
is not due to the action of Lac - organisms on Lac + mutants but
is due to the absence of Lac + mutants in the inoculum. Conse-
quently, it is probable that the two BCP lactose broth cultures
which fermented in J$ hours, as described above, contained Lac +
mutants in their inoculum. Therefore, it seems reasonable to assume
that Lac + mutants arose independently of the lactose, at a very
low rate, about two mutants in 8 x 10^ organisms.
The method most commonly used for the screening of a
few Lac + mutants present in a large normal population has been
by using synthetic lactose agar. "When known numbers of Lac +
mutants were mixed with a large number of Lac - organisms (2 x 10 )
and seeded on lactose synthetic agar, it was found that only 12
per cent of the added Lac + mutants could be detected. This poor
recovery was found to be due both to the inability of the synthe-
tic agar to support growth of all Lac + mutants seeded and to some
inhibition by Lac - organisms. In one experiment, 9.6 x 10^ orga-
nisms from a normal culture were examined for the presence of pre-
existing mutants but none were found. It seems that this method
is not sensitive enough to demonstrate the presence of only a
very few Lac + mutants.
It is our opinion that the time taken for a lactose
broth culture to ferment is not only a more sensitive method for
the detection of a few Lac + mutants in a normal culture but a
%
method which can "be easily applied for this purpose. In view of
the data presented in this communication, it is not probable that
the synthetic agar method can be used to determine accurately the
rate of mutation in _Sh. sonnei . Despite the ability to distinguish
Lac + mutants from Lac - bacteria on lactose synthetic agar, the
sensitivity of the method is too low for the detection of a few
Lac + mutants.
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